4. Experiment’s title: The Variable Area Capacitance   AMEM 211
 I. Objectives

On completion of this experiment you will:
· Understand how a variable area capacitor attaches to a system to measure displacement.

· Have produced a calibration graph of output against displacement   and   made   judgements   on such characteristics as linearity, repeatability, accuracy and sensitivity.

· Appreciate the sources of errors in capacitive circuits.
II. Theory

A capacitor is an electrical component which stores charge when an e.m.f. is present across it's terminals. Figure 1 shows a common type of capacitor formed by two parallel plates.
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Figure 1
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This example shows the plates being flat. In the SIS capacitance, and many other types, the plates are parallel but formed by two concentric cylinders separated by an insulating dielectric. In terms of explaining how they work, treat them as being the same. The charge storage capacity is a function of the capacitance of the device, measured in Farads, and this may be determined from the equation:
where,

A = Area of overlap between plates: m2
 eo = Permittivity of free space: 8.854 × 10−12.Fm−1;
er = Relative permittivity of the dielectric material separating the plates: er for air is 1;
d = Distance between the plates: m.
Because of the magnitude of eo capacitance is, under all but exceptional circumstances, very small, usually measured in microFarads (mF) or picoFarads (pF).
If any or all of these parameters vary then the capacitance changes. In the variable capacitor used in the SIS the parameter chosen to be variable is the area of overlap of the plates. The capacitance varies in direct proportion to the area. By changing the area in direct proportion with displacement allows measurements of capacitance to be equated with displacement.

In the SIS, the variable area capacitor forms one arm of an a.c. bridge such that any change in capacitance produces an imbalance and this is converted directly into a D.C. signal at the output.

The object of this experiment is to investigate the use of a variable area capacitor to measure linear displacement.
III. Experimental Work

Part A: The Variable Capacitor Characteristics

Use the patching leads supplied to connect the equipment as shown in Figure 2. The front panel detail for the Capacitance Bridge shows the circuit schematically as a capacitance to voltage converter.

Move the Linear Assembly to the right by rotating the manual control clockwise until it reaches the end stop. Carefully adjust the dial until the zero aligns with the edge of the moulding. Use the 'set zero' control on the Capacitance Bridge to zero the reading on the meter.

In steps of 1 mm, one complete rotation of the rotary scale, move the Linear Assembly to the left over its full range of travel and record corresponding meter readings to complete Table 1. Be careful to adjust the control in one direction only throughout the procedure.
	Displacement (mm)
	Output (V)

	0
	

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	


                         Table 1:  Results
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Figure 2:   Output from the capacitance to voltage converter
Plot a graph of your results. Comment on the shape of the graph, measure its slope and intercept with the vertical axis. Give the equation governing this measurement system.

With the Linear Assembly adjusted to be in mid-position determine the minimum amount of movement (resolution) that can be detected by the meter reading.
Resolution = ……… mm
Part B: Variable Capacitor with Gain

Set the gain of the Differential Amplifier to 10 and then zero the output when the inputs are shorted together. Do not change these settings throughout the remainder of the experiment. Use the patching leads to connect the circuit as shown in Figure 3.

Use the 'set zero' control on the Capacitance Bridge to zero the reading on the meter once more. Repeat the previous procedure to complete Table 2.
Plot a graph of your results. Comment on the shape of the graph, and measure its slope and intercept with the vertical axis. From this, give the equation governing this measurement system.

With the Linear Assembly adjusted to be in mid-position, determine the minimum amount of movement (resolution) detectable by the meter reading.

Resolution =…………mm

Touch the body of the capacitor and observe the effect his has on the meter reading. Use one of the patching leads to connect the body of the capacitor to ground (0 V) and again observe the effect on the meter reading.
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Figure 3:  Connection diagram for variable area capacitor with gain
	Displacement (mm)
	Output (V)

	0
	

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	


                            Table 2:  Results
Part C: Use of the Comparator Circuit
The signals obtained in Parts A and B are analogue, in that they vary continuously with displacement to give a measure of position or change of position. This is in keeping with many types of sensor.

There are many applications where some positive action is required when a system reaches a predefined position, such as the limit stop on a piece of machinery. In others, it is the movement of a body in close proximity (near or touching) to the probe, which is sensed, and a response needed. This principle is used in touch switches, using the change of capacitance when touched to initiate an action.
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Figure 4: Variable area capacitor comparator circuit
The object of this experiment is to observe the effect of using a comparator at the output of the capacitance system to achieve controlled switching

.

The circuit is shown schematically in Figure 4. Using the results obtained in Part B, set Ref1 to the same voltage obtained when the Linear Assembly was in position 4 mm. Use the patching leads to connect the circuit as shown in Figure 5.

Starting with the Linear Assembly to the right, move it to the left and observe the meter reading over the full range of movement. Repeat the procedure with varying values of Ref1 over its complete range.
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Figure 5:  Connection diagram for variable area capacitor comparator circuit
	Displacement (mm)
	Output (V)

	0
	

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	


                            Table 3:  Results
IV. Comments and Conclusions
1. Describe how a variable area capacitor is designed and used to measure rotary displacement.

2. The maximum amount of relative movement between the inner and outer
cylinders of the SIS variable area capacitor is 9 mm. If the internal diameter of the 
outer cylinder is 20.5 mm and the external diameter of the inner cylinder is 19.05 mm, 
calculate the change in capacitance that occurs when the Linear Assembly is 
moved over the complete range. 

3. Using the value calculated in step 2 and the results from Part B of this experiment, produce a calibration graph for the SIS variable area capacitor of displacement against capacitance to provide a means of direct capacitance measurement.
Report: 

Using the results obtained, observations made and the answers given to each of the questions in this experiment write a report on the use of the variable area capacitance for measuring linear displacement. Include any theory you feel supports the comments and conclusions you give. 
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